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[57] ABSTRACT 

Disclosed is an electronic apparatus which includes a power 
supply unit and a constant voltage rechargeable battery. The 
power supply unit activates a dedicated charging circuit, 
which is located near the battery, only at the charging end 
stage after the terminal voltage of the battery has attained a 
predetermined value, and provides constant voltage control 
for a charge current by using the charging circuit. The 
charging circuit, however, is not employed at the initial 
charging stage, where precise constant voltage control is not 
required. The output current, for which constant current 
control is performed by the AC adaptor, is employed 
unchanged as a charge current, with which quick charging is 
performed. That is, since a transformer in the charging 
circuit is not activated at the initial charging stage, a power 
loss, which accompanies the operation of the transformer, 
and heat generation and the occurrence of magnetic noise in 
the electronic apparatus can be reduced to a minimum. 

14 Claims, 3 Drawing Sheets 
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POWER SUPPLY UNIT AND AN a package consisting of a plurality of battery cells, and has 

ELECTRONIC APPARATUS HAVING SAME an operating capacity of only two or three hours. On the 

other, hand, as is well known, the commercially available 

FIELD OF THE INVENTION power source has no capacity linait. Therefore, when the AC 

^ . • 1 . . 1 -^r 5 adaptor 10, i.e., the commercially available power source, is 

Hie present invention relates to a power supply unit for an connected to the system 100, power from the commercially 

electronic apparatus, and m particular to a power supply unit ^^^^^^^^ ^^^^^ ^^^^^ ^ -^^^ ^^^^-^^ ^ supplying power 

for a battery-operated electromc apparatus, such as a note- ^^^^^^ ^jq ^j^^^^ ^^^^^^ ^ removed in 

book computer. More specifically, the present mvention a mobile environment, a current supplied by the battery pack 

pertains to a power supply unit that ha, a built-in battery 20 is employed for operation of the system 100. 

charging function, and that is employed for an electronic ^^^^^ rechargeable batteries are used for the battery 

apparatus for which a rechargeable battery, such as a lithium ^^^^ ^O. A dedicated device, called a charger, can be 

ion ceU, IS provided. assigned the function of charging the battery pack 20. 

BACKGROUND OF /THE INVENTION Actually, an optional charging unit that is separate from the 
/ j5 main body is provided for many battery operated devices, 

In accordance with recentj developments in technique, g^ch as video cameras and portable telephones. Most of the 

various types of personal computers C^PCs^'), such as la^^st notebook PCs, however, include an internal charging 

desktop, tower and notebook types, are being produced and function because usabiUty is ensured by eHminating the 

being sold on the market. The light, compact notebook PCs requirement for carrying an optional componeat, a charging 

are designed and produced while taking into^ consideration circuit, and by simplifying the charging operation, 

their suitabiHty for use in mobile environments, i.e., their 3^ ^ ^^^^^^^ ^^^^-^ ^ connected in series to 

portability and adequacy for outdoor use. jjie output terminal of the battery pack 20. In this case, when 

A notebook PC is generally a "battery-operated type" that more power is supplied via the adaptor 10 than is required 
can be driven by an incorporated battery. This is because a to operate the system 100, the excess power is used for 
notebook PC is so designed that it can be used in a place, charging the battery. The charging circuit 40, for which a 
such as outdoors or at a destination on a business trip, where transformer (not shown) is internally provided, transforms 
a commercially available power source may not be avail- the power from the AC adaptor 10 into a type that conforms 
able. The incorporated battery is a "battery pack," consisting with the battery charging characteristic. Since it is optimal 
of a package containing a plurality of cells. Rechargeable for aqueous solvent storage batteries, such as NiCd (nickel 
batteries, such as Li-lon batteries or NiMH batteries, are cadmium) or NiMH (nickel-metal hydride) cells, to be 
used for the battery cells. Although aqueous solvent charged in a constant current (CC) area that borders on the 
rechargeable batteries, such as NiCd (nickel cadmium) cells rated battery input current that can be permitted by a battery 
or NiMH (nickel-metal hydride) cells, have mainly been cell, the charging circuit 40 exercises constant current feed- 
used, recently, non-aqueous solvent rechargeable batteries, back; control for the constant volUge output by the AC 
such as Li-Ion (lithium ion) cells that are superior in volume adaptor 10, so that the battery is efficiently charged without 
energy density and weight energy density, tend to be an overcurrent inflow occurring. The charging circuit 40 also 
employed. has a trickle charge function to recover an over-discharged 

FIG. 3 is a schematic diagram illustrating a conventional battery to the initial charging state, 

power supply unit for a battery operated computer system. The charging circuit 40 in the system 100 is controlled by 
As is shown in FIG. 3, a computer system (system load) 100 40 a dedicated power controller 50. When the power controller 

has, as primary power sources, a commercially available 50 detects the charge start time for the battery pack 20, a 

alternate current (AC) power source that supplies power to control signal "Charge" is asserted to activate the charging 

an AC adaptor 10, and a battery pack 20 that is retained in circuit 40. Accordingly, power output via the AC adaptor 10 

the system 100. The output terminals of the AC adaptor 10 js supplied to the battery pack 20 via the charging circuit 40. 
and the battery pack 20 are connected in parallel to a DC/DC 45 when the power controller 50 detects a charging end time, 

converter 30. To prevent a current backflow between the a control signal "Charge" is negated to halt the operation of 

power sources 10 and 20, the power sources 10 and 20 are the charging circuit 40. As a result, the route of the power 

OR connected by two diodes 12 and 13. supply through the charging circuit 40 is cut off, and no 

The AC adaptor 10, which is a device for transforming current flows between the AC adaptor 10 and the battery 
into a DC voUage an AC voltage provided by a commer- 50 pack 20 when they are OR-connected by the diodes 12 and 

cially available power source outside the system 100, has an 13. 

internally provided transformer (not shown). The output of A power supply unit for a notebook PC having a charging 

the AC adaptor 10 generally has a constant voltage (CV) function is disclosed in the specification for U.S. Pat. No. 

output characteristic. The DC/DC converter 30 is a device 5,465,039 (Attorney Docket No. JA9-92-029), owned by the 
for reducing a DC voltage that is supplied by the AC adaptor ss assignee of the present invention and incorporated herein by 

10 or by the battery pack 20 to a level appropriate for system reference. In the '039 patent, a notebook PC does not 

operation, and for supplying the altered voltage to satisfy the incorporate a charging circuit, but instead, an attached AC 

requirements of respective system loads. The DC/DC con- adaptor has a charging function. More specifically, the AC 

verier 30 also has an internally provided transformer (not adaptor provides constant voltage feedback control during 
shown). The system loads include various controller chips, 60 system operation, while the output terminal voltage of the 

such as a CPU, a maui memory and a video controller, and AC adaptor is equal to or higher than a predetermined value, 

peripheral devices, such as a hard disk drive (HDD), a floppy When the charging of the battery pack 20 is begun and the 

disk drive (FDD) and a CD-ROM drive. output terminal voltage is lower than the predetermined 

The battery pack 20 is exchangeably installed into a value, the constant voltage feedback control is switched to 
battery room (not shown) that is provided in one part of the 65 the constant wattage feedback control or the constant current 

system 100. The AC adaptor 10 is detachably connected to feedback control to prevent an excessive charging current 

the system 100 by a power jack 11. The battery pack 20 is from flowing into the battery pack 20. As a result, a constant 
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current rechargeable battery, such as a NiCd cell or a NiMH It is therefore desirable to provide for an electronic 

cell, can be charged directly using the output of the AC apparatus that can employ a constant voltage rechargeable 

adaptor. battery, a power supply unit that can reduce power loss, and 

According to U.S. Pat. 5,465,039, both a constant voltage the heat and magnetic noise generated in the electronic 

output characteristic, which is required for system operation, 5 apparatus, 
and a constant wattage/constant current output 

characteristic, which is required for the charging of a battery, SUMMARY OF THE INVENTION 

can be provided by a siiigle transformer in an AC adaptor ^ ^^^^^^ rechargeable battery, such as a 

^IT^^^'rr^^^^ I ?rWn °'!;Th'7L'''^ ii^^ium ion battery, constant voltage control is not required 

time a current is passed through a transformer, this power -.n ♦u ■ 1 . u-i u- ui * . . 1. 

loss being changed into heat energy and magnetic coil the imUa^ stage, while highly accurate constant voltage 

energy. According to U.S. Pat. No. 5,465,039, described ^/'^^^^^ be provided at chargmg end stage. Smce at 

above, since only the transformer in the AC adaptor is charging end stage for the lithium ion battery, accurate 

employed, the power loss can be reduced to a minimum. constant voltage control is required for a charge current, a 

Further, as a charging circuit, i.e., a transformer, is not dedicated charging circuit provided near the battery must be 

provided within the PC body, a savings in the volume of the employed. On the other hand, at the mitial charging stage, 

PC body can be achieved, and heat generation and magnetic ^^^^'"^^^ constant voltage control is not required for a 

noise, which should be taken into consideration when charge voltage. At the mitial stage, therefore, it is better not 

designing a PC, can be eliminated. charging circuit, so that the output of the AC 

As previously described, the constant current system is ^^^P^°^ ^^PP^^^ ^^"^^^ P°^^^ 

deemed to be optimal for charging NiCd or NiMH batteries. P""^^^ ^^PP^y present invention activates 

Since the temperature in a battery cell rises as the charging ^ dedicated charging circuit located near a lithium ion 

capacity is increased, the charging end time can be deter- ^^^^^ charging end stage, after the terminal 

mined by measuring the temperature of the battery cell (well voltage of the battery has attained a predetermined value, 

known). provides constant voltage control for a charging current 

On the other hand, a non-aqueous solvent battery, such as ^^^^^ ^^^'^^^2 ^^^^mg circuit, however, 
a lithium ion cell, has a charging characteristic that differs ^ """^ employed at the mitial charging stage where precise 
from that of NiCd or NiMH. Referring to FIG. 4, there is ''^^^^^^ voltage control is not required, and the output 
shown the charge characteristic (change in a battery voltage '^^"^^^ ^^^'^ constant cunent control or constant 
and an input current) of a lithium ion battery when it is wattage control is performed by the AC adaptor, is employed 
charged using the constant current/constant voltage charging ^ ""^^'^^ ^^^^^ ^^^^^ charging is perfonned. 
system. At the initial charging stage, where a battery voltage . According to the power supply unit of the present 
has not reached a predetermined value, generally, the charg- invention, a charging circuit is not used at the initial charg- 
ing is performed by a charge current that borders on the rated ^^age. That is, since a transformer in the charging circuit 
current. On the other hand, at the charging end stage, where 35 ^ activated at the initial charging stage, power loss, 
the battery voltage has attained a predetermined value, the which accoinpanies the operation of the transformer, and 
charge current is gradually reduced so that the battery ^^^^ generation and the occurrence of magnetic noise in the 
voltage does not exceed the predetermined value. electronic apparatus can be reduced to the minimum. 

When battery voltage is too high, the lithium ion battery With the power supply unit according to the present 

may explode or ignite due to the generation of internal heat 40 invention, since a charging circuit is not employed al: the 

and the generation of gas under pressure. Therefore, initial charging stage, and accordingly, no power loss 

although quick charging of a lithium ion battery is possible accompanies the operation of a transformer, a greater charge 

by supplying a rated charge current or lower at the initial current can be supplied to the battery. As a result, the total 

charging stage, where the charging capacity is relatively low, ^i°^^ required for charging the battery can be reduced, 

the charging must be controlled precisely, so that there is no 45 Other objects, features, and advantages of the present 

excessive increase in the battery voltage at the charging invention wiU become apparent during the course of the 

ending stage, where the battery voltage equals a predeter- detailed description of the embodiments of the present 

mined value (see RG. 4 ). For a battery pack consisting of invention, which will be given while referring to the accom- 

three Mthium ion battery cells connected in series, for panying drawings. 

T::^L^l.ZtSSem ' " ^^'"^ DESCRIPTION OF THE DRAWINGS 

The power supply unit, i.e., the AC adaptor, in U.S. Pal. FIG. 1 is a schematic diagram illustrating a power supply 

No. 5,465,039 is suitable for NiCd and NiMH batteries for ^nil in a battery operated computer system according to the 

which a relatively rough constant voltage control is permit- present invention. 

ted. However, since the output terminals of the AC adaptor 55 FIG. 2 is a graph showing a change in the terminal voltage 

10 and the battery pack 20 are coimected by a rather long ^bat ^ battery pack 20 that is being charged by the power 

power line, the constant voltage output of the AC adaptor 10 supply unit of the present invention, 

may fluctuate during the course of the transfer. Therefore, to FIG. 3 is a schematic diagram illustrating a conventional 

exercise precise constant voltage control, no method exists power supply unit of a battery operated computer system, 

except one that provides for a dedicated charging circuit 40 60 FIG. 4 is a graph showing the charging characteristic of a 

to be addmonally arranged near the termmal of the battery lithium ion battery that is being charged by a constant 

pack 20, as is shown m FIG. 3. current-constant voltage system. 

The additional chargmg circuit 40 accordingly causes a 

power loss. In addition, since this circuit 40 is provided DETAILED DESCRIPTION OF THE 

inside the PC body, problems of heat generation and mag- 65 INVENTION 

netic noise in the PC body arise, and the area where the other FIG, 1 is a schematic diagram illustrating a power supply 

components are to be mounted will be reduced. unit in a battery-operated computer system according to the 
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present inventioa. As is shown in FIG. 1, a computer system to the respective sections in the system 100. An example 

(system load) 100 has two main power sources: a commer- power controller 50 is the one-chip IC "300/H8" produced 

cially available alternating current (AC) power source pro- by Hitachi, Ltd. An IC of this type includes a 16-bit CPU, 

yided via an AC adaptor 10, and a battery pack 20 mounted RAM, ROM, a timer, eight analog input pins and 16 digital 
in the system 100. The output terminals of the AC adaptor s input/output pins, and is programmable. In this embodiment, 
10 and the battery pack 20 are connected in parallel to a po^er controller 50 is programmed to monitor the 

DC/DC converter 30, remaining capacity of the battery pack 20, and when it 

The AC adaptor 10, which includes a transformer (not detects a reduction in the remaining capacity (i.e., a low 

shown), is a device for transforming an AC voltage provided tj^ttery state), it transmits a "Charge" signal to instruct the 

by the ^mmerciaUy available power source into a DC beginning of the charging operation, 
voltage. The AC adaptor 10 m this embodiment has constant ^ . , . t . < 

voltage (CV), constant wattage (CW), and constant current ^ operaUona^ amplifier 70 momtois the output termina^ 

(Cq output characteristics. As long as the output terminal ^^^^^^^ ^^"^^y P.^^*^ ^0 The operational amplifier 70 
voltage of the AC adaptor 10 is equal to or higher than a ^^^^^^ \^^^^^y ^^^^^g^ ^^^^^^^^ f P°"^^ 

predetermined value during the operation of the system 100, ^ along the second current route and a given reference ^ 

constant voltage feedback control is performed. When the ^^^^^^-^^^^^^^^^ ^^''^ 

charging of the battery pack 20 is begun, and the output ^^^^ and an^-ON^FF^Sn^^ 

terminal voltage becomes lower than the predetermined Sois^exceed V^^ the Enable output of the operational 

value during the operation of the system 100, the control ^^^'^^l ^ asserted. When V^^ exceeds the 

operation is switched to the constant wattage feedback ^^^^^ °^^P^^ ^ negated. 

control to prevent an excessive charge current from flowing The charging circuit 40, for which a transformer (not 

in the battery pack 20. When the operation of the system 100 shown) is internally provided, has a highly accurate constant 

is halted (when the system 100 is set to the normal power voltage control function (e.g., the function for setting the 

OFF state, or when it is set in a low power consumption o^tput voltage to 12.75±0.06 V). The input terminal of the 

mode, such as a "suspend" mode), the control operation is charging circuit 40 is connected to the AC adaptor 10, and 

switched to the constant current feedback control to enable l^e output terminal is connected to the battery pack 20. The^ 

quick charging of the battery pack 20 (see U.S. Pat. No. start and end periods for the operation of the charging circuit | 

5,465,039 for details of the operation of the AC adaptor 10). 40 are controUed by output signals from the power controUer 1 

It should be noted that the AC adaptor 10 is detachably 50 and the operational amplifier 70. More specifically, the J 

connected to the system 100 at a power jack 11. charging circuit 40 receives a non-inverted charging start 

The battery pack 20 is exchangeably accommodated into instruction "Charge" from the power controller 50, and an 

a battery room (not shown) that is provided in one part of the it^^^rted "Enable" output by the operational amplifier 70. 

system 100. The battery pack 20 is a package consisting of ^^^y when both inputs are in an asserted state is the charging n 

a pluraHty of battery cells. A battery ceU in this embodiment ^i^uit 40 activated. That is, only when the terminal voltage J 
is one of the type to which constant voltage charging after 35 the battery pack 20 attains the predetermined value V^^ 

constant current charging is appropriate (e.g., a lithium ion during a period that is assumed to be the charging period for I 

battery). The total capacity of the battery pack 20 is enough ^^e battery pack 20, is the charging circuit 40 activated. As j 

only for two to three hours of operation of the system 100. ^ ^^s^^, a charge current from the AC adaptor 10 passesj 

Therefore, when the AC adaptor 10, i.e., the commercially ^^ng the second current route. 

available power source, is connected to the power jack 11, 40 The FET switch 14 is provided for opening and closing 

the infinite power supplied via the AC adaptor 10 is first the first current route. The ON/OFF operation of the FET 14 

employed for system operation. When the AC adaptor 10 is is controQed by the ON/OFF controller 60. The ON/OFF 

removed from the jack 11 in a mobile environment, a current controller 60 receives a non-inverted charge start instruction 

provided by the battery pack 20 is employed for system "Charge" from the power controller 50 and a non-inverted 
operation. 45 "Enable" output from the operational amplifier 70, and 

The DC/DC converter 30, for which a transformer (not supphes the logical product of the two inputs to the gate of 

shown) is internally provided, is a device for reducing a DC the FET 14, Therefore, during a period that is assumed to be 

voltage provided via the AC adaptor 10 or by the battery the charging period for the battery pack 20, and until the 

pack 20 to a level appropriate for system operatioa The terminal voltage of the battery pack 20 attains the predeter- x 
output voltage of the DC/DC converter 30, which is reduced 50 mined value V^^ the FET 14 is in the ON state. When the \ 

and stabihzed, is supplied to the respective system loads. FET 14 is ON, the charge current from the AC adaptor 10 1 

The system loads include various controller chips, such as a can pass along the first current route. -J 
CPU, a main memory and a video controller, and peripheral An explanation has been given for the hardware arrange- 

devices, such as a hard disk drive (HDD), a floppy disk drive ment of the power supply unit in the battery operated 
(FDD) and a CD-ROM drive. Since these hardware blocks 55 computer system according to the present invention. The 

are not directly related to the subject of the present charging operation for the battery pack 20 in the power 

invention, no further explanation for them will be given, supply unit along with the effect of the present invention will 

As is shown in FIG. 1, the output terminals of the AC now be described. It should be noted that hereinafter it is l 

adaptor 10 and the battery pack 20 are connected in parallel assumed that the AC adaptor 10 is attached to the power jack 
by a first current route, into which a diode 12 and a FET 60 ^ the system 100, Although the AC adaptor 10 may also \ 

switch 14 are inserted, and a second current route, into perform a constant wattage feedback when the system 100 

which a charging circuit 40 is inserted. Since the cathodes of is operating and is charging the battery pack 20 (see U.S. 

the diode 12 and of the parasite diode of the FET switch 14 Pat, No. 5,465,039), to simplify the explanation, it is 

are OR connected, no current flows a long the first curren t assumed that only a constant current feedback control is 
route when the FET^witcli 1415 "OFF^ " 65 being performed. 

power controller 50 is one of the peripheral controller In FIG. 2 is shown the transition in the terminal voltage 

chips, and is provided mainly to manage the power supply V^^^ of the battery pack 20 that is being charged by the 
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power supply unit of the present invention, i.e., the charging 
characteristic of the battery pack 20. 
p If, because the terminal voltage of the battery pack 
/ 20 is smaller than a predetermined value the power 
/ controller 50 ascertains that charging should be initiated, 
^control signal "Charge" is asserted. At this time, since the 
terminal voltage V^j-has not attained the reference voltage 
V^p the output signal "Enable" of the operational amplifier 
70 is asserted. As a result, the FET switch 14 is turned on, 
and the charging circuit 40 is set to the non-activated state. 

As the FET switch 14 is ON, the charge current from the 
AC adaptor 10 flows along the first current route to the 
battery pack 20. The terminal voltage of the AC adaptor 10 
falls as does the terminal voltage V^at of the battery pack 
20, so that the AC adaptor 10 changes its operational 
characteristic from a constant voltage output to a constant 
current output. Since the battery pack 20 is in its initial 
charging stage, i.e., the terminal voltage V^^^ is low, quick 
charging with a constant current is performed using the 
unchanged output of the AC adaptor 10. Accordingly, there 
is a relatively drastic increase in the terminal voltage 
(phase (I)). 

During the period covered by phase (I), the charging 
circuit 40 is not activated, i.e., the transformer of the 
charging circuit 40 is Dot activated. As a result, there is 
neither a power loss, which accompanies a voltage 
transformation, nor the heat generation and magnetic noise 
that accompany a power loss. 

When the terminal voltage V^^^. is increased to the 
reference voltage V^^ the output signal "Enable" of the 
operational amplifier 70 is negated. Then, the ON/OFF 
controller 60 turns off the FET switch 14, and the first 
current route is cut off. At the same time, the charging circuit 
40 is activated, and a charge current from the AC adaptor 10 
flows along the second current route to the battery pack 20. 
As a result, a charge current, for which constant voltage 
control is accurately performed by the charging circuit 40 
(e.g., to 12.70±0.06 V), can be supplied to the battery pack 
20 (phase (II)). 

According to this embodiment, the operation of the charg- 
ing circuit 40 provided in the system 100 can be limited to 
the phase (II) period. In other words, power loss, heat 
generation and magnetic noise, which accompany the acti- 
vation of the transformer of the charging circuit 40, can be 
reduced to a minimum. 

Since the unchanged output of the AC adaptor 10 is used 
for quick charging at the initial charging stage, and since a 
charge current value can be increased, the total charging 
period can be reduced. 

As is described above, according to the present invention, 
it is possible to provide, for an electronic apparatus that can 
employ such a constant voltage rechargeable battery as c 
lithium ion battery, a power supply unit that can reduce 
power loss, and the heat and magnetic noise generated in the 
electronic apparatus. 

More specifically, the power supply unit of the present 
invention does not employ a charging circuit at the initial 
charging stage. That is, since a transformer in the charging 
circuit is not activated at the initial charging stage, a power 
loss, accompanied by the operation of the transformer, and 
heat generation and the occurrence of magnetic noise in the 
electronic apparatus can be reduced to the minimum. 

Further, since the output of the AC adaptor 10 is used 
unchanged for quick charging at the initial charging stage, 
and a charging current value can be increased, the total 
charging period can be reduced. 
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While the invention has been particularly shown and 
described with respect to preferred embodiments thereof, it 
should be understood by those skilled in the art that the 
foregoing and other changes in form and detail may be made 
therein without departing from the spirit and scope of the 
invention as defined in the appended claims. For example, 
the present invention can be applied to varioiis battery 
operated electric/electronic apparatuses, such as portable 
radio terminals, cordless telephones, electronic notebooks 
and video cameras. 

What is claimed is: 

1. Apower supply unit, for an electronic apparatus driven 
by a rechargeable battery, comprising: 

an external power input circuit for receiving power sup- 
plied by an external power source; 

a DC/DC converter for transforming a voltage received in 
parallel from said external power input circuit and said 
rechargeable battery, and for supplying a resultant 
voltage to respective sections of said electronic appa- 
ratus; 

a charging circuit for so adjusting an output of said 
external power input circuit such that said output is 
appropriate for charging said rechargeable battery; and 

charge control means for, in response to a terminal voltage 
of said rechargeable battery having attained a prede- 
termined value while said battery is being charged, 
actuating operation of said charging circuit. 

2. The power supply unit of claim 1, wherein said 
charging circuit is operative to provide constant voltage 
control for an output of said external power input circuit and 
for supplying a resultant output to said rechargeable battery. 

3. The power supply unit of claim 2, wherein: 

said external power input circuit is an AC adaptor for 
transforming an external AC voltage into a DC voltage 
and for transmitting said DC voltage, and 

said power supply unit further includes voltage measure- 
ment means for measuring a terminal voltage of said 
rechargeable battery while said rechargeable battery is 
being charged. 

4. The power supply unit of claim 3, wherein said AC 
adaptor has a constant current output characteristic and an 
output current does not exceed a predetermined value, or a 
constant wattage output characteristic and an output wattage 
does not exceed a predetermined value. 

5. Apower supply unit, for an electronic apparatus driven 
by a rechargeable battery, comprising: 

(a) an AC adaptor for transforming an external AC voltage 
into a DC voltage and for transmitting said DC voltage; 

(b) a DC/DC converter for transforming a voUage 
received in parallel from said AC adaptor and said 
rechargeable battery, and for supplying a resultant 
voltage to respective sections of said electronic appa- 
ratus; 

(c) a charging circuit for providing constant voltage 
control for an output of said AC adaptor and for 
supplying a resultant output to said rechargeable bat- 
tery; 

(d) voltage measurement means for measuring a terminal 
voltage of said rechargeable battery while said battery 
is being charged; 

(e) a first power line for connecting said AC adaptor and 
said rechargeable battery; 

(f) a switch inserted in series along said first power line; 

(g) a second power line for connecting, via said charging 
circuit, said AC adaptor and said rechargeable battery; 
and 
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(h) charging control means for turning on said switch and 
halting operation of said charging circuit at an initial 
charging stage whereat said terminal voltage is less 
than a predetermined value, and for turning off said 
switch and actuating said operation of said charging 
circuit at a charging end stage whereat said terminal 
voltage has attained said predetermined value. 

6. The power supply unit of claim 5, wherein said AC 
adaptor has a constant current output characteristic and an 
output current does not exceed a predetermined value, or a 
constant wattage output characteristic and an output wattage 
does not exceed a predetermined value. 

7. An electronic apparatus driven by a rechargeable 
battery, comprising: 

an external power input circuit for receiving power sup- 
phed by an external power source; 

a DC/DC converter for transforming a voltage received in 
parallel from said external power input circuit and said 
rechargeable battery; 

a charging circuit for so adjusting an output of said 
external power input circuit such that said output is 
appropriate for charging said rechargeable battery; 

charge control means for, in response to a terminal voltage 
of said rechargeable battery having reached a predeter- 
mined value while said battery is being charged, actu- 
ating operation of said charging circuit; and 

a system load to be driven by an output of said DC/DC 
converter. 

8. The electronic apparatus of claim 7, wherein said 
charging circuit is operative to provide constant voltage 
control for an output of said external power input circuit and 
for supplying a resultant output to said rechargeable battery. 

9. The electronic apparatus of claim 8, wherein: 

said external power input circuit is an AC adaptor for 
transforming an external AC voltage into a DC voltage 
and for transmitting said DC voltage, and 

said electronic apparatus further includes a voltage mea- 
surement means for measuring a terminal voltage of 
said rechargeable battery while said battery is being 
charged. 

10. The electronic apparatus of claim 9, wherein said AC 
adaptor has a constant current output characteristic and an 
output current does not exceed a predetermined value, or a 
constant wattage output characteristic and an output wattage 
does not exceed a predetermined value. 
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11. The electronic apparatus of claim 8, further compris- 
ing a power jack for attaching said AC adaptor to said 
electronic apparatus. 

12. The electronic apparatus of claim 11, wherein said AC 
5 adaptor has a constant current output characteristic and an 

output current does not exceed a predetermined value, or a 
constant wattage output characteristic and an output wattage 
does not exceed a predetermined value. 

13. An electronic apparatus driven by a rechargeable 
battery comprising: 

(a) an AC adaptor for transforming an external AC voltage 
into a DC voltage and for transmitting said DC voltage; 

(b) a DC/DC converter for transforming a voltage 
15 received in parallel from said AC adaptor and said 

rechargeable battery; 

(c) a charging circuit for providing constant voltage 
control for an output of said AC adaptor and for 
supplying a resultant output to said rechargeable bat- 
tery; 

(d) voltage measurement means for measuring a terminal 
voltage of said rechargeable battery while said battery 
is being charged; 

25 (e) a first power line for connecting said AC adaptor and 
said rechargeable battery; 

(f) a switch inserted in series along said first power line; 

(g) a second power line for connecting, via said charging 
3Q circuit, said AC adaptor and said rechargeable battery; 

(h) charging control means for turning on said switch and 
halting operation of said charging circuit at an initial 
charging stage whereat said terminal voltage is less 
than a predetermined value, and for turning off said 

^5 switch and actuating said operation of said charging 
circuit at a charging end stage whereat said terminal 
voltage has attained said predetermined value; and 

(i) a system load to be driven by an output of said DC/DC 
converter. 

14. The electronic apparatus of claim 13, wherein said AC 
adaptor has a constant current output characteristic and an 
output current does not exceed a predetermined value, or a 
constant wattage output characteristic and an output wattage 
does not exceed a predetermined value. 



06/09/2003. EAST Version: 1.03.0002 



